Abstract We describe the clinical and radiological longterm outcomes of 77 primary total hip replacements in 69 patients using the fully hydroxyapatite-coated JRI (Furlong) total hip replacement. The total cases followed up were 77 hips, performed at a mean duration of 11 years and 2 months. Twelve hips could not be followed up for various reasons, which are discussed in the results section. The mean Harris hip score was 89. Seventeen acetabular cups were revised for aseptic loosening. Only one femoral stem was revised, for fracture. By Engh's criteria there were a further two unstable cups with no symptoms, and all femoral stems were stable. Kaplan-Meier survivorship analysis revealed a survival of 98.8% for the femoral stem, 78.7% for the acetabular cup, and a combined survival of 77.8% for both components. Our findings suggest that the JRI (Furlong) hip gives a durable femoral stem implant fixation, whereas the prosthesis-bone interface achieved with the acetabular component is questionable.
Introduction
Despite the success of total hip replacement in the elderly population, concerns remain about whether cemented or uncemented components are most appropriate in younger patients to limit the rate of aseptic loosening. Uncemented total hip replacements were introduced to address the problem, but some three decades later, there is limited information on their survival rates. More recently, hydroxyapatite (HA) coating has been introduced to encourage good bone growth, but the literature has so far reported mixed results. The osteoconductive role of HA coating on metallic implants is well established. Postmortem studies of retrieved total hip arthroplasty have shown direct contact between bone and implant [7] .
The JRI HA-coated (Furlong) hip was introduced in 1986, and the results for the femoral component have been excellent to date. However, the results for the acetabular component have not been reported in the literature. This paper presents our results with this hip and in particular addresses the problems encountered with the acetabular component. The objective of this study was to evaluate the long-term outcome of a fully HA-coated total hip arthroplasty.
Patients and methods
Between March 1987 and February 1996, the JRI HA total hip replacement was implanted in 89 patients between the ages of 27 and 68 years (mean age 51; Fig. 1 ). Nearly 50% were less than 50 years old at the time of operation. Most operations were performed by the senior author. A standard technique via a Hardinge approach was used. The bilateral cases were performed 6 months apart. All patients were regularly followed up in the clinic, all 77 hips were seen in a special clinic for this study.
All cases had a JRI fully HA-coated femoral stem (Furlong) with the modular stainless steel head (size 28 in all cases, acetabulum of 28 inner diameter), being either a JRI HA-coated screw fit or a CSF type (press fit with screws inserted). Out of 77 cups, six were the CSF type and the rest were the screw-fit type. All patients were mobilised partial weight bearing, the following day and were allowed to bear full weight at 6 weeks. A regular yearly review was performed in the clinic by an independent observer.
Harris hip score, data regarding further surgery, and current symptoms were obtained. X-rays were taken and details recorded using Gruen zones. Engh's criteria [5] were used to assess the stability of both components. Kaplan-Meier survivorship analysis was performed, with the end point being revision for any cause. Confidence intervals were determined using a modified Rothman equation [3] .
Results
Eighty-nine operations were performed, of these 77 hips were available for review. There were four deaths and three patients lost to follow-up, and four patients had moved from the area. There were eight bilateral cases. Forty-six hip replacements were implanted in females and 31 in males, with slightly more right hips than left.
The preoperative diagnosis was mainly osteoarthritis, with four cases of dysplastic hip (5.2%), six cases of secondary osteoarthritis due to childhood conditions (7.8%), and two cases of rheumatoid arthritis (2.6%).
The mean Harris score was 89, with a range of 44-100. Only seven patients were in the "excellent" category (90-100), 38 in "good" (80-90), 20 in "average" (60-80), and the remaining 12 in "poor," having scores less than 60.
Normal postoperative problems occurred: deep vein thrombosis in four patients, pulmonary embolism in two, superficial infection in three, and recurrent dislocations in three. In particular, nine patients had anterior knee pain after surgery, all of which settled within 1 year. There was one case of femoral stem fracture. Radiology of the femoral component showed no radiolucent lines. There was a sclerotic reaction at the tip of the femoral component in all cases, and in 67 of these it was of measurable depth (4-26 mm). There was no correlation between the amount of calcar resorption and the depth of the osteoblastic tip.
Seventeen acetabular cups were revised. The mean time to revision was 6 years and 7 months, of which the earliest We encountered no infection in our series. Out of the 17 revised cups, 16 were the threaded type and one was the CSF type. Furthermore, two cups showed evidence of aseptic loosening (osteolysis in ≥2 DeLee and Charnley zones) but had no symptoms; hence, we decided to keep them under observation until they become symptomatic, when to a Charnley cup is planned. Kaplan-Meier survivorship analysis revealed a cumulative survival of 77.8% for both components (Fig. 2) , 78.7% for the acetabular cup (Table 1, Fig. 3 ), and 98.8% for the femoral stem (Fig. 4 , Table 2 ).
Discussion
This study confirms the encouraging reports already in the literature of the high success rate for the femoral component of the JRI HA total hip replacement and of HA-coated femoral stems in general. The single failure in this series was a fractured femoral stem, which has already been reported in the literature [14] (Figs. 5, 6 ). However, the results for the acetabular component are of more concern. Threaded acetabular cups have been used for many decades with known poor results, both with and without porous coating. It was anticipated that the addition of HA to the surface would improve survival rates, but although initial stability is obtained, it appears that secondary ingrowth of the bone into the HA does not always occur, causing midterm loosening, migration of the cup, or both. Similar problems have occurred with press-fit cups with initial stability and then failure of secondary ingrowth of bone into the HA, causing loosening. The literature has mixed reports of the success rate of HA-coated acetabular components: a 26.2% failure rate for both components with a press-fit Osteonic cup [2] , 5% cup loosening at 7 years [13] , and 38% failure rate [10] . The Norwegian Arthroplasty Register [8] also noted an inferior survival rate for HA-coated acetabular cups compared with the cemented Charnley cup.
All of these studies lead us to ask what the rationale is behind the use of HA in total hip replacement. Hydroxyapatite coating was introduced in response to the failure to achieve reproducible bone ingrowths or ongrowths clinically with porous-coated implants; HA coating was added to the prosthesis in total hip replacement to achieve osteointegration. Soballe et al. [16] reported that HA coating could stimulate bone to bridge up to 2-mm gaps in canine studies. Hofmann et al. [9] confirmed the osteoconductive and bidirectional bone remodelling properties of HA but did not substantiate the claims of accelerated bone apposition rates, increased bone apposition, and gap closure [16] . This was confirmed by the postmortem total hip replacement retrieval study of Bloebaum et al. [1] . For the HA coating to stimulate osteoconduction, part of it must dissolve and release molecules containing calcium and phosphate to stimulate osteoblasts [6] . This in turn could weaken the HA implant bond strength. This theory is supported by the study of Shen et al. [15] , which showed delamination of the HA from a smooth rod in a weight-bearing canine model. A similar finding was observed by David et al. [3] in a sheep model. There are many postmortem retrieval studies of HA-coated hip arthroplasty, but all of these have reported on the femoral component [7] . The exact mechanism of failure of osteointegration of the HA-coated cup remains unclear. Soballe et al. [16] have also shown that applying the HA coating to a smooth-surfaced implant increases the risk of delamination of the HA coating compared with a porous surface. Any micromovement between the implant and bone promotes formation of a fibrous layer and increases the resorption of HA. If there is poor press fit or misalignment of the cup, the micromovements may increase, leading to delamination of the HA coating, formation of a fibrous layer, and early failure. As far as the femoral stem is concerned, if there is any misalignment, a minor gap between the bone and prosthesis can be accommodated by the cylindrical femoral canal, which can resist torsional forces, unlike the hemispherical acetabulum, with little resistance to torsional forces [7] . The other question we asked in our study concerned the role of polyethylene wear. Although the radiological appearance was suggestive of polyethylene wear (Fig. 7) , the retrieved cups (Figs. 8, 9 ) did not support this. The typical appearance was complete delamination of the HA coating with a fairly well-preserved polyethylene lining.
In contrast, the femoral stem results are excellent. Rahbek et al. [12] demonstrated in a dog study that HAcoated femoral implants formed a protective barrier that prevented the intrusion of articular wear debris into the bone implant surface. It has been postulated that because of its biocompatibility and the potential for circumferential apposition, HA-coated implants may prevent metal and polyethylene wear debris from migrating distally thereby [4] have proposed that HA generates spot-welding of bone to the prosthesis and that this layer in turn may impede the access of polyethylene debris to the interface. The only case revised in our series was because of metal stem fatigue fracture [14] . This is a rare complication, and if we exclude this case, the survival of femoral stems would be 100%. There was no aseptic loosening or periprosthetic fracture observed in our series, and there was no impending or potential loose stem in the radiographs. Our results are comparable to those reported by McNally et al. [11] , which showed a survival rate of 99% for the femoral stem of the same prosthesis.
In summary, this paper supports the increasing evidence of high success rates for HA-coated femoral components, a fact reflected in the first annual report of the British Joint Register that showed the JRI femoral stem to be the third most frequently implanted femoral component and the most common uncemented femoral component used. However, the continued use of uncemented HA acetabular components must be questioned in view of the increasing evidence of poor midterm results.
